Magnetic carbon materials as adsorbents for dye removing have attracted increasing attention because of their magnetic separation feature. However, the immobilization of large magnetic particles on a carbon matrix greatly decreases the available sites for adsorption, resulting in a low adsorption capacity. The synthesis of magnetic carbon materials as adsorbents for dye adsorption with high adsorption capacity remains challenging. Herein, porous carbon (PC) was firstly synthesized through the calcination of macroporous acrylic type cation exchange resin. The as-prepared PC was applied as a matrix to deposit nano-sized Fe 3 O 4 nanoparticles (MPC) via a facile one-pot solvothermal strategy. The nano-sized Fe 3 O 4 nanoparticles (5.19 nm in diameter) are uniformly distributed on the PC surface. The MPC possesses an exceptional performance for methylene blue removal (q e = 214.4 mg g −1 ) at room temperature, outperforming most previous magnetic carbon adsorbents. The large surface area of the MPC originated from the combined advantages of PC and nano-sized Fe 3 O 4 must be ascribed to the high performance of MPC composite toward methylene blue adsorption.
Introduction
Organic dyes are useful chemicals, which are widely applied in industry including textiles, paper, plastics, tannery, and paints, etc. [1] . The industrial effluents containing organic dyes cause environmental crises because of their high biotoxicity and potentially mutagenic and carcinogenic effects [2, 3] . Considerable efforts have been exerted to remove dye contaminants by using methods such as adsorption [4] , photocatalytic degradation [5] , precipitation and microbiological coagulation [6] , and biosorption [7] . Adsorption is considered as one of the most promising avenues for treating dye pollutants [1] . Various materials have been investigated as adsorbents for treating dye pollutants, among which carbon materials have shown good adsorption performance because of their superior characteristics of large surface areas and structure properties. However, complicated and time-consuming procedures are required to recover these adsorbents from wastewater, thereby prohibiting their recyclability and enhancing the cost of adsorbent regeneration [8] . Hence, developing new types of adsorbents with high adsorption capacity and removal efficiency remains challenging.
Magnetic materials have shown promise as adsorbents for remedying environmental pollutions from organic dyes because of the remarkable feature of magnetic separation compared with the abovementioned methods [9] [10] [11] . Until now, Fe 3 O 4 based magnetic carbon materials have attracted considerable research interest for treating cationic dyes. For instance, Ai and co-workers developed a solvothermal method for the synthesis of RGO/Fe 3 O 4 composite as an adsorbent for methylene blue (MB) adsorption. Although the separation problem was effectively overcome, the removal efficiency was not satisfied enough because of the low surface area of reduced graphene oxide(RGO) produced 2 of 11 by a chemical oxidation-exfoliation-reduction process and the relatively large particle size of Fe 3 O 4 (200 nm) [11] . They further discovered that the maximum adsorption capacity toward MB removal could be improved to 48.06 mg g −1 when the matrix RGO was replaced by multi-walled carbon nanotubes (MWCNTs) (Fe 3 O 4 /MWCNTs) [8] . Despite these advances, the location of micro-sized Fe 3 O 4 particles on these carbon materials significantly reduces the specific surface area, thereby reducing the original adsorption capacities and removal efficiencies. To solve the abovementioned problems, exploring carbon materials with large surface areas and deposition of nano-sized Fe 3 O 4 are expected to be a promising pathway to enhance adsorption performance toward MB removal.
Herein, porous carbon (PC) with large surface area was synthesized and explored as a matrix for depositing nano-sized Fe 3 O 4 through a solvothermal reaction. The achieved magnetic porous carbon (MPC) was employed for MB adsorption in aqueous solution. Effects of contact time, solution pH, and initial dye concentration on the adsorption property of MPC for MB removing were investigated. The kinetics and thermodynamics of MB adsorption on MPC were further studied in detail. The highest adsorption capacity of 214.4 mg g −1 with the solution pH of 11 was obtained at 25 • C, outperforming most of the reported magnetic adsorbent for MB adsorption. The strong magnetic sensitivity of MPC favors the recovery of the adsorbent from the aqueous solution and used for the next adsorption experiment.
Materials and Methods
The used materials and characterization are illustrated in the Supporting Information.
Synthesis of MPC
MPC was simply prepared by a one-step solvothermal process by using PC as a matrix (Scheme 1). Specifically, the desirable amount of PC (0.1 g), FeCl 3 ·6H 2 O (0.54 g), sodium acetate (1.5 g), and sodium acrylate anhydrous (1.5 g) were added into 20 mL of ethylene glycol and diethylene glycol with a volume ratio of 1:19. After being treated by ultrasonication, the uniform suspension was introduced to an autoclave and sealed before heating at 220 • C for 10 h. The resulting suspension was isolated with the aid of a magnet and treated by washing cycles with ethanol for three times.
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Synthesis of MPC
MPC was simply prepared by a one-step solvothermal process by using PC as a matrix (Scheme 1). Specifically, the desirable amount of PC (0.1 g), FeCl3·6H2O (0.54 g), sodium acetate (1.5 g), and sodium acrylate anhydrous (1.5 g) were added into 20 mL of ethylene glycol and diethylene glycol with a volume ratio of 1:19. After being treated by ultrasonication, the uniform suspension was introduced to an autoclave and sealed before heating at 220 °C for 10 h. The resulting suspension was isolated with the aid of a magnet and treated by washing cycles with ethanol for three times. 
MB Adsorption
MB adsorption tests were performed in a thermo-stated shaker by using Erlenmeyer flasks (100 mL). Typically, 10 mg MPC and 50 mL MB solution with different initial concentrations (45-55 mg L −1 ) at natural pH were transferred into the Erlenmeyer flask, followed by shaking with a speed of 200 rpm at 25 °C. To calculate the adsorption capacity, the sample was withdrawn from the Erlenmeyer flask at predetermined time interval. Then, the sample was analyzed with a Unico UV-4802S spectrophotometer to determine the retained MB concentration. The adsorption capacity was evaluated according to the reported method [11] . 
MB adsorption tests were performed in a thermo-stated shaker by using Erlenmeyer flasks (100 mL). Typically, 10 mg MPC and 50 mL MB solution with different initial concentrations (45-55 mg L −1 ) at natural pH were transferred into the Erlenmeyer flask, followed by shaking with a speed of 200 rpm at 25 • C. To calculate the adsorption capacity, the sample was withdrawn from the Erlenmeyer flask at predetermined time interval. Then, the sample was analyzed with a Unico UV-4802S spectrophotometer to determine the retained MB concentration. The adsorption capacity was evaluated according to the reported method [11] .
The adsorption tests were performed at different pH ranging from 3 to 11 to study the corresponding changes in adsorption capacity of MB on MPC. The initial pH of the MB solution was adapted with the Appl. Sci. 2019, 9, 2898 3 of 11 use of HCl or NaOH aqueous solution. Additionally, the adsorption of MB with MPC was conducted at different temperatures of 25, 35, and 45 • C to determine the adsorption isotherms.
To study the regeneration and reusability of MPC for MB adsorption, the MPC was isolated from the solution with the help of magnet after the first adsorption test was finished (Scheme 1). The recovered MPC was rinsed by ethanol several times and then dried under vacuum at 80 • C overnight. After fresh MB solution with a concentration of 55 mg L −1 (pH = 11) was introduced, the next reusability test of MPC was started. The adsorption tests were performed at different pH ranging from 3 to 11 to study the corresponding changes in adsorption capacity of MB on MPC. The initial pH of the MB solution was adapted with the use of HCl or NaOH aqueous solution. Additionally, the adsorption of MB with MPC was conducted at different temperatures of 25, 35, and 45 °C to determine the adsorption isotherms.
Results and Discussion

Sample Characterizations
To study the regeneration and reusability of MPC for MB adsorption, the MPC was isolated from the solution with the help of magnet after the first adsorption test was finished (Scheme 1). The recovered MPC was rinsed by ethanol several times and then dried under vacuum at 80 °C overnight. After fresh MB solution with a concentration of 55 mg L −1 (pH = 11) was introduced, the next reusability test of MPC was started. XRD characterization was employed to determine the chemical structure of PC and MPC. As shown in Figure 2a , two diffraction peaks situated at 2θ = 26.2° and 44.4° are detected in XRD pattern of PC, corresponding the (002) and (101) facets of the graphitic carbon [12] . In addition, seven new peaks at 30.1°, 35.5°, 43.1°, 53.5°, 57.0°, 62.6°, and 65.8° are obtained in the XRD pattern of MPC, which are assigned to the (220), (311), (400), (422), (511), (440), and (531) reflections of Fe3O4 (JCPDS No. 65-3107). XRD results have shown that the MPC is successfully prepared by the one-pot solvothermal process, consistent with the TEM results. Figure 2b illustrates the magnetic hysteresis loops of MPC composite. The material exhibits a saturation magnetization of 20.73 emu g −1 , benefiting for its separation and recycling. An XPS survey scan was conducted to analyze the surface compositions of MPC. The XPS signals corresponding to C, O, and Fe elements were distinctively observed in the sample (Figure 2c ), consistent with the EDS mapping results. High-resolution spectra of each element were recorded to identify their chemical states. Figure 2d shows the high-resolution O1s spectrum of MPC, in which the typical peaks indexed to Fe-O-C [13] , -OH [14] , and C-O [15] bonds are detected, respectively. These results verify the strong chemical interaction between the Fe3O4 and PC matrix, which allows the tight attachment of Fe3O4 nanoparticles, and thereby greatly improves the stability and recyclability of the MPC adsorbent. The Fe 2p spectrum in Figure 2e can be deconvoluted into two predominant peaks at 710.60 [16] and 712.49 eV [17] corresponding to the Fe 2+ and Fe 3+ species, suggesting the formation of Fe3O4 phase in the composite [1] . Regarding the C1s spectrum ( Figure  2f ), the fitted peaks corresponding to C-C, C-OH, C (epoxy and alkoxy), and HO-C=O bonds are observed, respectively [1, [18] [19] [20] [21] . Moreover, the presence of oxygen-containing groups on MPC can enhance the hydrophilicity of MPC, benefitting its dispersion in aqueous solution. Figure 3a -b shows the N2 sorption isotherms of PC and MPC, in which the typical type IV isotherms are observed [22] . According to the calculation results, it is discovered that the attachment of Fe3O4 NPs on the PC surface leads to a decrease of BET specific surface area from 1174.1 to 622.2 m 2 g −1 , accompanying by the decline of pore volume from 0.75 to 0.54 cm 3 g −1 . This could be ascribed to the deposition of the relatively small Fe3O4 NPs and the overlap of the PC surface by Fe3O4 NPs [10, [23] [24] [25] . However, it is conceivable that the as-synthesized MPC composite will exhibit excellent adsorption performance toward dyes removal due to its retained high surface area as well as pore volume. An XPS survey scan was conducted to analyze the surface compositions of MPC. The XPS signals corresponding to C, O, and Fe elements were distinctively observed in the sample (Figure 2c) , consistent with the EDS mapping results. High-resolution spectra of each element were recorded to identify their chemical states. Figure 2d shows the high-resolution O1s spectrum of MPC, in which the typical peaks indexed to Fe-O-C [13] , -OH [14] , and C-O [15] bonds are detected, respectively. These results verify the strong chemical interaction between the Fe 3 O 4 and PC matrix, which allows the tight attachment of Fe 3 O 4 nanoparticles, and thereby greatly improves the stability and recyclability of the MPC adsorbent. The Fe 2p spectrum in Figure 2e can be deconvoluted into two predominant peaks at 710.60 [16] and 712.49 eV [17] corresponding to the Fe 2+ and Fe 3+ species, suggesting the formation of Fe 3 O 4 phase in the composite [1] . Regarding the C1s spectrum (Figure 2f ), the fitted peaks corresponding to C-C, C-OH, C (epoxy and alkoxy), and HO-C=O bonds are observed, respectively [1, [18] [19] [20] [21] . Moreover, the presence of oxygen-containing groups on MPC can enhance the hydrophilicity of MPC, benefitting its dispersion in aqueous solution. Figure 3a ,b shows the N 2 sorption isotherms of PC and MPC, in which the typical type IV isotherms are observed [22] . According to the calculation results, it is discovered that the attachment of However, it is conceivable that the as-synthesized MPC composite will exhibit excellent adsorption performance toward dyes removal due to its retained high surface area as well as pore volume.
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Effect of Contact Time
Adsorption capacity and removal efficiency are critical factors to evaluate the performance of the adsorbents for treating dye pollutions in aqueous solution. Thus, a series of experiments for MB adsorption on MPC were firstly performed at different initial concentrations. The adsorption capacity for MB with MPC drastically enhances at the initial adsorption stage with all initial concentrations (Figure 3c ). Then, the variation tendency becomes slow with the extension of time. The observation of the flat part of the curve in the graph means that the weight of adsorbed MB molecules remains constant, suggesting the achievement of equilibrium adsorption. This phenomenon can be explained by the following reasons. Initially, MPC adsorbent provides adequate vacant surface sites for MB, whereas the number of such sites decreases with increasing time due to the occupation of the absorbed MB molecules. Owing to the repulsive forces between the solute molecules on the solid and bulk phases, the residual MB molecules in aqueous solution are difficult to adsorb, which thereby leads to the slow increase of adsorption compacity [8] . On the contrary, removal efficiency for MB onto MPC reduces by increasing the initial MB concentration (Figure 3d ). It could be interpreted by the following reasons. Generally, the vacant adsorption sites keep constant when the dose of adsorbent is fixed. Thus, low initial concentration of adsorbent leads to a higher removal efficiency, whereas a higher initial concentration results in the reduction of removal efficiency [8] . 
Adsorption capacity and removal efficiency are critical factors to evaluate the performance of the adsorbents for treating dye pollutions in aqueous solution. Thus, a series of experiments for MB adsorption on MPC were firstly performed at different initial concentrations. The adsorption capacity for MB with MPC drastically enhances at the initial adsorption stage with all initial concentrations (Figure 3c) . Then, the variation tendency becomes slow with the extension of time. The observation of the flat part of the curve in the graph means that the weight of adsorbed MB molecules remains constant, suggesting the achievement of equilibrium adsorption. This phenomenon can be explained by the following reasons. Initially, MPC adsorbent provides adequate vacant surface sites for MB, whereas the number of such sites decreases with increasing time due to the occupation of the absorbed MB molecules. Owing to the repulsive forces between the solute molecules on the solid and bulk phases, the residual MB molecules in aqueous solution are difficult to adsorb, which thereby leads to the slow increase of adsorption compacity [8] . On the contrary, removal efficiency for MB onto MPC reduces by increasing the initial MB concentration (Figure 3d ). It could be interpreted by the following reasons. Generally, the vacant adsorption sites keep constant when the dose of adsorbent is fixed. Thus, low initial concentration of adsorbent leads to a higher removal efficiency, whereas a higher initial concentration results in the reduction of removal efficiency [8] . Figure 4a shows the adsorption performance of MPC toward MB removing at various pH values Figure 4a shows the adsorption performance of MPC toward MB removing at various pH values from 3 to 11. Note that the amount of absorbed MB by MPC adsorbent gradually increases with the elevation of solution pH. The results indicate the significant role of solution pH on the performance of MPC adsorbent. It was reported that surface property of adsorbent and structure of dye molecules played important roles in determining the relationship between the adsorption capacity and pH values [1] . Previous results have indicated that the adsorbent with the presence of oxygen-containing groups is negatively charged in basic solution [26] . Figure 4a shows the Zeta potentials of MPC in different solution pH. A decreased Zeta potential is observed with the investigated pH range and the negatively charged surface of the MPC was observed in the pH range from 4-10. Note that the number of negatively charged surface sites on MPC increases with the elevation of the solution pH from 4 to 10 [1] . Therefore, the positive effect of solution pH on the adsorption capacity of the MPC must be ascribed to the increase of electrostatic attraction between the cationic MB molecule and the negatively charged surface of MPC. The optimal performance of MPC for MB adsorption was achieved at pH = 11 with the highest adsorption capacity of 214.4 mg g −1 . Of special note, the MPC presents the best adsorption capacity of MB compared to the reported adsorbents, such as Fe 3 O 4 /CNPs [27] , MCS [28] , magnetic graphene-carbon [26] , MPCMs-0.25 [29] , γ-Fe 2 O 3 /C NP [30] , Fe 3 O 4 @ZIF-8 core-shell [31] , hydrotalcite-dodecylsulfate/Fe oxide [32] , magnetic cellulose/GO [33] , magnetic ZnO/ZnFe 2 O 4 [34] , and RGO/Fe 3 O 4 [35] (Figure 4b and Table S1 ).
Effect of pH
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Adsorption Isotherms
To get specific information on isotherm parameters associated with MB, the collected adsorption data were analyzed using Langmuir and Freundlich isotherm models [36, 37] . Langmuir and Freundlich isotherm models are presented by Equations (1) and (2), where kL represents Langmuir constant (L mg −1 ), qe denotes the equilibrium adsorption compacity (mg g −1 ), qmax is the Langmuir monolayer adsorption capacity (mg g −1 ), Kf is Freundlich constant (L mg −1 ), 1/n is the empirical parameter in terms of adsorption capacity and intensity. Figure 4c-d illustrates the equilibrium isotherms for MB adsorption by using MPC as an adsorbent. The data of the equilibrium adsorption calculated from Langmuir and Freundlich isotherm models are shown in Table 1 . As can be seen from Figure 4c -d and Table 1 , the experimental data is not well correlated with the Freundlich model, whereas the data matches well with Langmuir model. This finding suggests that MB adsorption on 
To get specific information on isotherm parameters associated with MB, the collected adsorption data were analyzed using Langmuir and Freundlich isotherm models [36, 37] . Langmuir and Freundlich isotherm models are presented by Equations (1) and (2), where k L represents Langmuir constant (L mg −1 ), q e denotes the equilibrium adsorption compacity (mg g −1 ), q max is the Langmuir monolayer adsorption capacity (mg g −1 ), K f is Freundlich constant (L mg −1 ), 1/n is the empirical parameter in terms of adsorption capacity and intensity. Figure 4c,d illustrates the equilibrium isotherms for MB adsorption by using MPC as an adsorbent. The data of the equilibrium adsorption calculated from Langmuir and Freundlich isotherm models are shown in Table 1 . As can be seen from Figure 4c,d and Table 1 , the experimental data is not well correlated with the Freundlich model, whereas the data matches well with Langmuir model. This finding suggests that MB adsorption on the adsorbent surface is homogeneous. Moreover, the equilibrium parameter R L , which can be estimated by Equation (3), is a useful parameter to determine the feasibility of adsorption [38] . The R L values were calculated to be 0.00674-0.00822 for MB adsorption on MPC, suggesting that the adsorption of MB over MPC was a favorable process [39] .
log q e = log K f + 1 n log C e (2) 
Adsorption Kinetic Studies
The pseudo-first-order and pseudo-second-order kinetic models can be expressed as Equations (4) and (5), respectively. Table 2 lists the kinetic constants calculated from the linear regression of the pseudo-first-order and pseudo-second-order models as shown in Figure 5a ,b. The R 2 values determined according to the pseudo-first-order model are relatively low. Furthermore, the corresponding q e,cal values are not consistent with the q e,exp values obtained from the experimental data. However, the R 2 values estimated via the pseudo-second-order model are higher than 0.99 and the calculated q e,cal values fitted well with the experimental data. This finding indicates that the kinetic for MB adsorption on MPC can be explained by the pseudo-second-order kinetic model.
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Thermodynamic Study
The thermodynamic parameters can be calculated according to Equations (6) and (7) . The ∆G 0 values were calculated to be negative at the investigated temperatures (Table 3 ), suggesting the spontaneous nature of MB adsorption on MPC. As shown in Figure 5c , the values of △H 0 and △S 0 can be obtained by the slope and intercept of the fitting line, in which both positive values are obtained ( Table 3 ). The positive value of △H 0 implies that the endothermic property of the present adsorption reaction, indicating that adsorption consumes energy. Therefore, MB adsorption increases with increasing temperature [40] . The positive value of △S 0 indicates an increment in the randomness at the solid-liquid interface through MB adsorption onto the MPC composite [41] . 
The thermodynamic parameters can be calculated according to Equations (6) and (7) . The ∆G 0 values were calculated to be negative at the investigated temperatures (Table 3 ), suggesting the spontaneous nature of MB adsorption on MPC. As shown in Figure 5c , the values of ∆H 0 and ∆S 0 can be obtained by the slope and intercept of the fitting line, in which both positive values are obtained ( Table 3 ). The positive value of ∆H 0 implies that the endothermic property of the present adsorption reaction, indicating that adsorption consumes energy. Therefore, MB adsorption increases with increasing temperature [40] . The positive value of ∆S 0 indicates an increment in the randomness at the solid-liquid interface through MB adsorption onto the MPC composite [41] . 
Regeneration and Reuse of MPC
Except for high adsorption capacity, the stability and reusability of adsorbents are also important. Therefore, regeneration and reuse of the MPC adsorbent was further investigated. The adsorption capacity of MB on MPC slightly decreases in successive cycles (Figure 5d ). An Fe leaching test was performed to detect the Fe content in the aqueous solution by inductively coupled plasma (ICP). No Fe leaching was detected from the MPC in the aqueous phase after the completion of the MB adsorption, showing that the MPC has very high stability for MB adsorption. This observation could be interpreted by the strong chemical interaction between the Fe 3 O 4 and PC, as detected by the XPS results. Previous results have indicated that not all the adsorbed dye could be removed from the surface of the adsorbent during the regeneration and reusability tests [42] . Similarly, the complete removal of the adsorbed MB on MPC was hardly achieved due to the strong interaction between the MB and MPC in the regeneration process, thereby leading to a decrease of adsorption capacity for MB in successive cycles. However, the adsorption capacity of MB still remains at 80.7% after reuse in the third cycle, indicating the good reusability of the as-prepared adsorbent. Furthermore, the adsorbent still has high magnetic sensitivity after three cycles.
Conclusions
In summary, MPC composite was synthesized via a simple one step solvothermal approach and employed for MB removal from aqueous solution. PMC showed very high adsorption performance because of the featured merits of PC and the Fe 3 O 4 nanoparticles. Furthermore, the adsorbent could be easily recovered from aqueous solution by a magnet. The present work would shed light on the design and synthesis of efficient adsorbents based on the deposition of nano-sized Fe 3 O 4 NPs on a matrix with a high surface area and porous structure for dyes removal.
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